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ntil its February 1994 meeting, the Federal Open Market Committee (FOMC) followed the practice of announcing a "policy directive" approximately 45 days after the meeting in which it had been approved. 1 This practice of delaying announcements had prompted some in Congress and the media to accuse the Fed of being unnecessarily secretive.
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While there is no long-term record of the Fed' s views on immediate disclosure of policy decisions, the Fed had argued in a 1976 Freedom of Information Act filing that announcing policy decisions immediately would commit it to a course of action, thereby impairing its ability to conduct monetary policy flexibly. Moreover, the Committee argued, the immediate announcement of policy decisions would create an undesirable "announcement effect," thereby increasing the volatility of financial markets. Critics countered that the Fed' s failure to convey its intentions to the market in a timely fashion increased financial market uncertainty and volatility. Some maintained that the Fed' s disclosure practice effectively gave preference to large, sophisticated investors over average investors.
While it is uncertain when the Fed' s position on immediate disclosure of FOMC policy decisions changed, the FOMC broke with tradition at its February 1994 meeting and announced a policy directive change immediately after voting on it.
3 Although the Fed made no commitment to continue this practice, the next five policy changes were announced immediately and the FOMC formalized the practice of immediate disclosure at its February 1995 meeting. 4 The purpose of this article is to investigate whether and how financial markets have responded to this change in the FOMC' s disclosure policy. 5 Specifically, I investigate (1) whether the policy of immediate disclosure has created an announcement effect, and (2) whether the policy of immediate disclosure has increased or reduced financial market uncertainty.
Changes in the Fed Funds Target: Is There an Announcement Effect?
Since at least the mid-1980s the Fed has conducted monetary policy by making relatively small adjustments to its target for the federal funds rate. 6 The period covered by this study-January 4, 1988, through January 31, 1996-is one of federal funds rate targeting. A summary of changes in the Fed' s target for the federal funds rate during this period is presented in Table 1 . There were 48 changes in the Fed' s funds rate target-38 prior to 1994 and 10 after 1994. 7 Fourteen of these announcements were accompanied by announcements of changes in the discount rate-9 prior to 1994 and 5 after. In addition, of the 38 changes prior to 1994, 9 were made at meetings of the FOMC. Since 1994, all but one change in the Fed' s target for the funds rate have been made at FOMC meetings. 8 The first step in this investigation is to see if there is any validity to the Fed' s claim that immediate disclosure of its policy decisions would give rise to an "announcement effect"-a significant reaction to changes in the Fed' s federal funds NOVEMBER/DECEMBER 1996 rate target. Prior to 1994, sophisticated financial market participants attempted to decipher the Fed' s intentions by monitoring, among other things, the behavior of the federal funds rate and the Fed' s daily open market operations. Therefore, it would not be surprising to find an announcement effect associated with changes in the Fed' s federal funds rate target prior to 1994. In addition, there were leaks to the press. 9 Uncertainty about the Fed' s intentions, however, might have produced a smaller announcement effect than that produced under certainty (see the appendix for details). In addition, because the deciphering process took time, the reaction to changes in the Fed' s target rate might have been delayed.
To test for differences in the market' s reaction to changes in the Fed' s target for the funds rate before and after 1994, variations of the following equation were estimated:
where ∆TB t denotes the one-day change in the 3-month T-bill rate, ∆fftar t denotes the change in the Fed' s target for the federal funds rate on day t, and ε t denotes a random error. It is convenient to rewrite Equation 1 as:
The two coefficients of interest are the immediate response, ␤ 0 , and the cumulative or total response,
If there is no delay in the market' s response to changes in the federal funds rate target, the null hypothesis that ␤ 0 = should not be rejected. Equation 2 is estimated with changes in the federal funds target partitioned into those before and after 1994. Changes in the Federal Reserve' s discount rate, likewise partitioned, are added as a separate regressor. Approximately one-third of the changes in the funds target were accompanied by changes in the discount rate.
These estimates, presented in Table 2 with j = 3, show that an announcement effect was associated with changes in the Fed' s funds rate target for periods after 1994, as well as before 1994. Consistent with the hypothesis that it took time for the market to decipher the Fed' s policy intentions before the 1994 procedural change, the estimate of for the period before 1994 is somewhat larger than that of ␤ 0 . Moreover, the null hypothesis that ␤ 0 = is rejected at the 5 percent significance level, indicating a statistically significant delay in the market' s response to changes in the funds rate target before 1994.
In contrast, for the period after 1994 the response is immediate. The null hypothesis ␤ 0 = cannot be rejected at any reasonable significance level. Moreover, the immediate response for the period after 1994 is nearly identical to the total response before 1994. The null hypothesis that these coefficients are equal is not rejected. The chi-square statistic is (1) = 0.0023. 11 This conclusion is based on the assumption that the market's reaction to changes in the funds rate target was the same in both periods. See the appendix for additional details.
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Not only was there an announcement effect before and after the FOMC adopted a policy of immediate disclosure, but the announcement effect was the same magnitude in both cases. The null hypothesis that the long-run effect of a change in the funds rate target is equal before and after 1994 is not rejected at the 5 percent significance level. The chi-square statistic is (1) = 0.1682. This last result suggests that the market was able to identify the new funds rate target within a few days of the change even before the policy of immediate disclosure was adopted.
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The Market's Reaction with Discount Rate Changes
Changes in the discount rate during the entire sample period were accompanied by changes in the Fed' s target for the federal funds rate; the positive and statistically significant coefficient for changes in the discount rate before 1994 suggests that changes in the federal funds rate target had a larger effect when they were accompanied by discount rate changes than when they were not. Moreover, since discount rate changes are announced immediately and the Fed had frequently acknowledged that it intended to permit at least part of a discount rate change to "show through" to the federal funds rate, discount rate changes before the adoption of the immediate disclosure policy may have served as proxies for immediate disclosure.
The situation changed after 1994, however. The estimates in Table 2 indicate that, conditional on announcements of changes in its funds rate target, announcements of discount rate changes produced a perverse response: The T-bill rate changed less, on average, when there was also a change in the discount rate than it did when there was no accompanying discount rate change. The coefficient for changes in the discount rate is negative and statistically significant, despite the fact that the market reacted positively and significantly to changes in the discount rate alone (irrespective of changes in the funds rate target) before 1994. This result was unanticipated and is difficult to interpret. See the shaded insert on page 7 for one possible explanation.
In any event, if changes in the discount rate prior to 1994 served as proxies for immediate disclosure of the Fed' s policy decisions, it is reasonable to conjecture that there would be no delay in the response to changes in the funds rate target, since they had already been "announced" by discount rate changes. On the other hand, when the disclosure was not immediate, the market response would have lasted as long as it took the market to decipher whether there was, in fact, a change in the target.
To test this conjecture, Equation 2 was estimated with changes in the funds rate target during the period before adoption of the immediate disclosure policy partitioned into those with (W) and without (WO) discount rate changes. The estimates, presented in the conjecture that, prior to 1994, discount rate changes served as proxies for immediate disclosure of policy decisions. The market appears to have reacted immediately to federal funds rate target changes accompanied by discount rate changes, but it had a delayed reaction to those that were not. The market' s immediate response to changes in the federal funds target that were accompanied by discount rate changes was more than double the response to changes in the funds rate target that were not accompanied by discount rate changes. The fact that the total responses with and without discount rate changes are similar suggests that the only difference is immediate disclosure. Indeed, the null hypothesis that these coefficients are equal cannot be rejected at any reasonable significance level. Again, the evidence suggests that the magnitude of the announcement effect has been the same since the Fed adopted the policy of immediate disclosure as it was before. Despite the fact that the total response before 1994, with and without discount rate changes, is larger than for the period after 1994, the null hypothesis that each total response is equal to the total response after 1994 cannot be rejected at the 5 percent significance level.
These results suggest that the Fed' s concern that immediate disclosure of its policy decisions would produce an announcement effect was unwarranted. An announcement effect is evident with or without immediate disclosure. Moreover, the evidence suggests that the magnitude of the announcement effect has been unchanged by the policy of immediate disclosure. If anything, the announcement effect has become smaller; however, the difference is not statistically significant.
In the period studied, there is a delay in the market' s reaction when disclosure is not immediate, but no delay when it is immediate. This difference suggests that, when the market is well informed, it incorporates new information quickly. When it is not, investors are able to sort out the policy signals from market noise, but only after an expenditure of time and resources.
Finally, it should be noted that there is another difference in the Fed' s behavior before and after 1994 that should be examined for possible effects on market response. Since the adoption of the policy A second obstacle to adopting a policy of immediate disclosure of policy decisions was the Fed' s concern that it would increase market uncertainty. The idea that more information increases uncertainty runs counter to economic theory (Arrow, 1971) . Hirshleifer (1971) and Starr (1973) show how publicly disclosed information enhances social welfare, and O'Brien (1981 O'Brien ( , 1984 presented evidence that market uncertainty would be reduced if the FOMC followed a procedure of immediate disclosure.
A natural measure of uncertainty is the error that individuals make in forecasting the future. If there were no uncertainty about the Fed' s target for the funds rate, individuals' forecasts of the interest rate would fall within the range of random error.
12 One measure of uncertainty is the mean square error (MSE)-the average squared distance between the actual and forecasted value of the variable being examined-in this case, the federal funds rate. The MSE at the jth time horizon is given by:
, where i f t+j denotes the market' s forecast of the interest rate at date tϩj. If the disclosure of information increases market uncertainty, the MSE should also increase. Alternatively, if it reduces uncertainty, the MSE should fall. 13 The MSE j (i) declines when more information becomes available.
To test whether the Fed' s new disclosure policy has increased or decreased market uncertainty, we need a measure of market expectations for the future funds rate. A natural place to turn is the federal funds futures market.
14 (See the shaded insert on page 8 for a brief description of this market). Generally speaking, futures contracts are used to speculate on or hedge against price movements. The same is true of the federal funds futures contracts, except that individuals who are unable to buy or sell federal funds can, nevertheless, participate.
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The important aspect of this market is that the federal funds futures rate is an indicator of the rate anticipated by those participating in the market. Hence, we can test whether the Fed' s new disclosure policy increased or decreased the market' s uncertainty by examining whether the MSE of the federal funds futures market increased or decreased. Because the MSE gives a great deal of importance to unusually large forecast errors, the mean absolute forecast error, MAE, is also presented.
The MSE, the MAE, and the average forecast error for current, one-month and two-month federal funds futures contracts, before and after 1994 are presented in Table 4 . The average forecast errors are small at the respective horizons for the two periods. The null hypothesis that the average forecast error, AFE, is zero is not rejected for any horizon for the period after 1994, but it is rejected at the 1-and 2-month horizons for the period before 1994.
Both measures of market uncertainty-MSE and MAE-reveal a marked decline in market uncertainty after the Fed' s new disclosure policy. This finding is consistent with economic theory: that immediate disclosure of policy actions appears to reduce market uncertainty. This conclusion, however, should be weighed carefully. It may be that the marked reduction in uncer-12 See the appendix for details about this assertion and others in this section. 13 The implicit assumption, of course, is that the information being disclosed is useful for determining the variable being forecast (see the appendix for details).
14 See Goodfriend and Whelpley (1993) for a discussion of who can participate in the overnight federal funds market.
15 Krueger and Kuttner (1995) and Carlson, McIntire and Thomson (1995) show that the federal funds futures market is generally efficient in that the forecasts are unbiased and the forecast errors are uncorrelated with past information. Using these data, I was able to replicate the average forecast errors and MSE of Carlson, McIntire and Thomson (1995) over their sample periods.
NOVEMBER/DECEMBER 1996
tainty is actually the result of a decline in the general volatility of the funds rate over the later period, rather than a genuine reduction in uncertainty. Indeed, the standard deviation of the federal funds rate, which was 2.50 before 1994, declined to 0.99 after 1994. While the standard deviation is affected by the level of interest rates, there was also a marked decline in another measure, the coefficient of variation, which is not. The coefficient of variation, which was 0.41 before 1994, declined to 0.20 after 1994. Also, the reduction in variability may be related to factors other than the FOMC' s new disclosure policy. The federal funds futures market is a developing market. Over the period of this analysis, the volume of trading in the market has increased significantly (Carlson, McIntire, and Thomson, 1995) . In particular, there has been a very substantial rise in the volume of trading since the beginning of 1994. Hence, some or all of the reduction in variability may reflect the increased trading volume, rather than the change in disclosure policy.
One way to assess whether the declines in MSE and MAE, shown in Table  4 , are related to a reduction in market uncertainty, rather than to a decline in the variability of the federal funds rate or the federal funds futures market, is to compare the forecasting ability of the futures market with that of statistical models before and after 1994. If the apparent improvement in the forecasting ability of the futures market is due solely to the reduction in variability of the funds rate, there should be a similar improvement in the forecasting ability of statistical models.
Errors in Federal Funds Futures Market Forecasts
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Two statistical models, similar to those used by Carlson, McIntire, and Thomson (1995) , are used. The first assumes that the best predictor of this month' s federal funds rate is last month' s federal funds rate. That is, r t = r tϪ1 + ε t , for the 1-month horizon and r t = r tϪ2 + ε t , for the 2-month horizon. This is called the naive forecast. The second model assumes that the change in the federal funds rate is modeled as a sec-ondorder autoregressive process. That is, (1ϪL)r t = ␣(1ϪL)r tϪ1 ϩ ␤(1ϪL)r tϪ2 ϩ ε t , for the 1-month time horizon and
for the 2-month time horizon, where L denotes the lag operator, that is, LY t = LY t-1 . This is called the autoregressive (AR) forecast.
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The MSE and MAE for the three forecasts are presented in Table 5 . The MSE and MAE for the statistical models show a marked decline after 1994, suggesting that part of the improvement in the futures market forecast is the result of a reduction in the volatility of the funds rate. The improvement in the futures market fore-ed in the form ∆i t = ␥ + u t , where u t = ␣u t-1 + ßu t-2 + ε t , by employing a transformation that maintains all of the observations. For a discussion of why it is important to keep all of the observations, especially in small samples, see Thornton (1987) .
THE UNUSUAL RESPONSE TO DISCOUNT RATE CHANGES UNDER IMMEDIATE DISCLOSURE
One possible explanation for the unusual response of the T-bill rate to changes in the Federal Reserve discount rate under the Fed' s policy of immediate disclosure is that, prior to the Fed' s new disclosure policy, the market viewed changes in the discount rate as a signal that the Fed had changed its target for the funds rate. Hence, given the Fed' s immediate disclosure policy, the signaling aspect of discount rate changes is redundant. Consequently, the market may have struggled with how to interpret discount rate changes in the new environment.
There is a possibility that the market may be confused by the combination of two announcements-that the Fed has changed its monetary policy stance and that the discount rate has also changed. A well-documented observation (Thornton, 1982 (Thornton, , 1986 (Thornton, , and 1996b Cook and Hahn, 1988; and Smirlock and Yawitz, 1985) is that markets do not respond to discount rate changes that the Fed indicates are solely to realign the discount rate with market rates (that is, technical discount rate changes). As I have shown (Thornton, 1996a) , this lack of market response may be attributed to the fact that such announcements provide no useful information.
Since, under the immediate disclosure policy, the Fed acknowledges policy changes as soon as they are approved, the market may regard any subsequent or accompanying discount rate changes as merely technical adjustments, made solely to realign the discount rate with the new level of the federal funds rate. In fact, the Fed announced that these changes were made for reasons other than simply to align the discount rate. Indeed, on only one of these occasions did the Fed even mention technical realignment as one of the reasons for the change. Given the limited number of changes in the funds target and the discount rate under the new disclosure policy, however, it is difficult to identify a reason for the unusual response of the T-bill rate to changes in the discount rate.
cast is somewhat better than that of the statistical models, however. For example, at the 1-month horizon, the MSE for the futures market forecast was reduced to 41 percent of its pre-1994 level, compared to 73 percent and 86 percent for the naive and AR models, respectively. At the 2-month horizon, the MSE for the futures market forecast was reduced to 31 percent of its former level, compared with 63 percent and 91 percent, respectively, for the naive and AR models. Qualitatively similar results are obtained with MAE.
The larger relative reduction in the forecast error suggests the possibility that some of the improvement in futures market forecasting in the latter period stems from reduced uncertainty associated with the Fed' s policy of immediate disclosure. In particular, the AR model and the federal funds futures market did about equally well by MSE and MAE before 1994.
18 After 1994, however, the futures market forecast out-performed the AR forecast by these criteria at the 1-month horizon. In any event, the results in Tables 4 and 5 suggest that the Fed' s policy of immediate disclo-sure did not increase the market' s uncertainty and may have reduced it.
CONCLUSIONS
Over the years, the Federal Reserve has been criticized for being too secretive about its monetary policy decisions. In the past, the Fed argued that the immediate disclosure of its policy decisions would create an announcement effect and increase market uncertainty. Critics countered that providing the market with more and more timely information would reduce market uncertainty. Despite these criticisms and Congressional pressure, the Fed maintained a policy of delayed disclosure until the February 1994 meeting of the FOMC, when it abruptly broke its long-standing tradition and immediately disclosed its decision to raise its target for the federal funds rate.
This article examines whether the change in the Fed' s disclosure policy at the
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18 This result is consistent with the results of tests for efficiency by Krueger and Kuttner (1995) and Carlson, McIntire and Thomson (1995) .
FEDERAL FUNDS FUTURES AND THE FEDERAL FUNDS RATE
A federal funds futures contract is designed to hedge against or speculate on future movements in the federal funds rate by calling for the payment of interest on a $5 million contract that is equal to the monthly average of the daily federal funds rate during the contract month. The settlement price of the contract is equal to 100 minus the average of the daily overnight federal funds rate during the month of the contract. Consequently, the future' s market forecast of the federal funds rate is implied by the price of the contract. For example, assume that on December 10 the market believes that the federal funds rate will average 5.47 percent (100 -94.53) in January. Individuals who believe that the funds rate will rise will be willing to pay a lower price for the contract. Individuals who believe that the rate will fall will be willing to pay a higher price.
When the contract is initiated, no funds change hands; however, buyers and sellers are required to establish margin accounts with their brokers. Moreover, there is no promise to deliver federal funds on the settlement date, as is typically the case in commodities markets. Rather, dollars are transferred between the margin accounts of buyers and sellers each day as the price of the contract changes. For example, assume that the one-month contract that traded for 94.53 on December 10 trades for 94.52 on December 11, indicating that the market believes that the funds rate will average one basis point (one "tick") higher in January than the guess of the day before. The market would "settle" that day by transferring $41.67 (0.01 percent ϫ 30/360 ϫ $5 million) from the buyer' s margin account to the seller' s margin account for each contract held by the buyer. first meeting of the FOMC in 1994 created an announcement effect and increased market uncertainty. Contrary to past claims, the evidence indicates that there was an announcement effect prior to the FOMC' s recent change in its disclosure policy. Furthermore, the magnitude of the announcement effect was not changed by immediate disclosure. The main difference is that the announcement effect occurs at once under immediate disclosure. In contrast, the announcement effect was strung out over several days when the market was left to decipher policy changes on its own.
The evidence also suggests that financial-market volatility and uncertainty have not been increased by a policy of immediate disclosure, and may actually have been reduced. The federal funds rate is less volatile since the FOMC has adopted a policy of immediate disclosure. This decrease in volatility could be a result of factors other than, or in addition to, the change in disclosure policy. Even when the reduction in volatility is accounted for, however, there is evidence of a reduction in uncertainty about the federal funds rate after 1994. There has been a marked improvement in forecasts by the federal funds rate futures market relative to statistical models since the disclosure policy was implemented. Overall, the evidence suggests that the Fed' s policy of immediate disclosure has been beneficial. In monetary policy, as in most other areas of economics, more information is preferable to less. because FOMC meetings have generally been held on the same days of the week, it is possible that the response of the T-bill rate reflects a day-of-the-week effect. To investigate this possibility, changes in the funds rate target before 1994 were partitioned into those that were decided at regularly scheduled FOMC meetings (M) and those that did not (NM). An equation analogous to Equation 2 was estimated with the data so partitioned. 18 The results, reported in Table A1 , reveal no day-of-theweek effect. The total responses to changes in the target rate, whether or not those changes were decided upon at regularly scheduled meetings, are similar to the immediate responses to changes decided upon in regular meetings. Each of three possible combinations of these hypotheses is not rejected. The fact that there is a statistically significant delay in the response of the market when there is no meeting but no significant delay when there is a meeting appears to reflect the fact that only three of the nine discount rate changes before 1994 occurred at regularly scheduled FOMC meetings. Since only one change in the federal funds rate target after 1994 was made at a time outside the regularly scheduled meetings, the estimates for this period are based on all changes in the funds rate, including the non-meeting change.
